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ABSTRACT

Efficiency of therapeutic compounds could be enhanced by encapsulation and covalent attachments to a biomaterial carrier. Complex formation
with humic substances is valuable techniques to improve bioactivity of natural products. Fractal structures of humic substances also have adjacent
carboxyl and hydroxyl groups. Along with molecular bonding property, reduction-oxidation and association-dissociation capacities of humic
substances are considered this as a biomaterial for transform, other molecules, and substances. Immune system responses of humic acid stimulates
in the human body. However, pharmaceutical importance of humic substances, demands on evidenced efficacy and a clearly defined chemical
composition of the preparations used. Toxicological safety standards also have to be evaluated. This review summarises the application of humic
substances as pharmaceuticaly important biomaterial. Research on this zone opened up an application for humic substances in pharmacogonasy.
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INTRODUCTION

Search for bio-compatible and efficient drugs is a prime state-of the-
art requisite in drug development. In various drug combinations,
biomaterials like fulvic and humic acid, augment solubility,
permeability, and dissolution [1]. Greater patient compliance of
drugs with ease drug dissolution and absorption profile can facilitate
through combinations of potent biomaterial carrier in matrix
formation [2]. Range of formulation components and processing
methods can contribute significantly in the dissolution rate of pure
drugs [3]. Broad regulatory acceptance, desirable drug release
profile and cost-effectiveness make biocompatible polymeric
materials with hydrophilic nature, suitable in matrix systems [4].
Chance of drug crystallizing can be reduced in formulations and
increased wettability [5]. Dispersing of active ingredients in an inert
matrix in the solid state helps to attain improved dissolution rate,
constant release of drugs [6]. Humic substances are moulded by
secondary synthetic reactions, brown to black coloured series of
comparatively high molecular weight. Its fractions obtained on the
basis of solubility characteristics [7, 8]. In many countries traditional
systems of medicine used it as a stimulating agent [9]. Humic
substances are the main composition of shilajit an integral
ingredient in Ayurveda and Siddha systems of medicine, in which
fulvic acid act as its most bioactive component. This multi-
component natural occurring mineral substance originated in India
and is used in safe dietary supplements. Wilson and co-workers
reviewed the traditional use of shilajit and finds that it is used in
twenty-four proprietary drugs. Sastric formulations also incorporate
shilajit for enhancing the effectiveness of treatment [10].

Humic substances-an overview

Humic acid, fulvic acid and humins are the three core fractions of
humic materials which are formed from amalgamation of biological
and geochemical reactions. Thus, they differ in biomass stand as
extracellular products of decomposition. When the strong-base
extract is acidified humic acids are coagulated while fulvic acids
remain soluble. General alkali extraction method is followed for
recovery of humic and fulvic acids from sediments and soils.
Hydrophilic nature of fulvic acid helps these to soluble under all pH
conditions, XAD-4 resin is preferred for isolation. Humic acid
demands higher pH condition for its solubility, XAD-8 resin is
suitable for isolation. In contrast, humin is insoluble at all pH.
Molecular weight and the attached side groups are variable in all
these fractions [11, 12]. This polymer compounds are highly
resistant to further microbial degradation and varying combinations

of organic molecules. Recognizable level of lignin-derived chemical
moites are generally observed in terrestrial and freshwater humic
substances, while marine humic substances are deficient in liginin
moiety. Estuarine “sieve” makes marine and terrestrial humic
substances differ in isotopic composition. Over the course of 80
million years, suitable geological conditions with exact combination
of organic compounds makes humic substances are so special [13].

Medicinal aspects of humic and fulvic acid

Much information on the medicinal application of humic substances
has been published. Chinese Materia Medica pharmacological
compendium, dating back to the 15t% century Ming Dynasty is one of
the important and earliest reports in this area [14]. Prior to 1978 in
China, humic and fulvic acids had been used for the treating of a
wide range of diseases and refered "Wujinsan", meaning "golden
medicine". Because of the lack of clinical data, little research
background of its therapeutic mechanism lead misconceptions
remained as to therapeutic use of humic substances. Chinese drug
administration approved the humic acid medicines [14]. Non-
toxicity of humic and fulvic extract recommend for internal as well
as external use [14, 15]. In 1761 Wallerius introduced the word [16]
humic acid but systematically studied by Archard in 1786 [17].
Transcript from ayurvedic medicine strongly denotes to humic
dating back over three thousand years [18]. Humic and fulvic acids
are richness of minerals that can be easily assimilated in our body
and stimulate various specific and non-specefic biological functions
[19, 20]. In natural medicine comprehensive database, humic
substances prevail as a therapeutic agent with various bioactive
potential. These are being recommended as dietary supplements
and even in cosmetic products [21].

Alleviate the common cold, fever and bronchitis

In bronchitis treatment fulvic/humic acids drug combinations
results better than conventional drug therapies [22]. Humic extracts
are suggestively effective in hemorrhagic fever which removed clots,
stopped bleeding and restored circulation [23].

Anticancer nature of humic acids

Humic extract can preventing tumors of the esophagus with 100%
success rate. Also in case of thyroid tumors, humic substances
injections were found to be highly effective (as high as 90%). Fulvic
acid enema is very usefull in the treatment of chronic ulcerous colon
infections [24]. These substances as masks, poultices and bath
therapy helps to improve skin conditions including ulcers and skin
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diseases. In fact, 90% success rate was reported in fulvic/humic
mineral baths for ulcers, this effect was observed on internal ulcers
as well [25]. Humic acid injection stopped thyroid tumor growth and
reduced the size of tumor [24]. Anti-proliferative nature of humic
substances in human cervical cancer cells were proved in studies by
Hseu et al. [26]. The cytotoxic effect of humic acid on human breast
adenocarcinoma cells was first investigated in studies by Aykac et al.
[27]. Fulvic acid orginated from shilajit showed potential to induce
the antiulcerogenic effect in albino rats [28].

Antiviral property of humic substances

Positive combat against foot-and-mouth disease by means of peat
dust initiates the research on the antiviral effect of humic substances
[28]. Activity against both naked and enveloped DNA viruses was
already proved in preliminary in vitro studies with Coxsackie A9
virus, Influenza A virus, and Herpes simplex virus type 1 (HSV-1).
Humic acid has an inhibition effect selectively against some of the
human viruses immunodeficiency virus type 1(HIV-1) and types
2(HIV-2), cytomegalovirus (CMV) and Vaccinia virus [29, 30].
Investigations revealed in most of the case early stage of virus
replication is specifically inhibited by humic substances [31]. The
effect of humic acid polymer on the early stage of herpesvirus
replication has been confirmed by the results of animal experiments.
Humic acid synthesised from hydroquinone was found to strongly
inhibit HIV-1 [32].

Taken together results shows that humic substances are
prophylactic promising candidates rather than therapeutic
especially for the treatment of viral diseases.

Anti-inflammatory effects and pro-inflammatory properties of
humic substances

Anti-inflammatory activity of humic substances was attributed to the
various healing effect of peat therapy. Taugner (1963) [33] showed
sodium humate significantly inhibits the development of various
edemas. Membrane protective activities of humic acid type
substances evidenced by inhibition in the lipoxygenase pathway of
the arachidonic acid cascade, which is an integral part of the cell
membrane. Synthetic low molecular weight humic substances 1500,
which activate human neutrophil take part in pro-inflammatory
activity [34]. Anti-inflammatory and antiallergic effects of fulvic acid
extract from solubilized sludge are shown to reduce B-
hexosaminidase and histamine release in immunoglobulin-E-
sensitized mast cells and basophil cells. Yamada et al. explained the
activity of fulvic acid against immune disorders, specifically eczema.
Fulvic acid can reduce the release of proinflammatory mediators and
tumour necrosis factor alpha expression in differentiated human
monocytes (U937). In primary human monocytes, after
homocysteine stimulation, FvA is shown to reduce cyclooxygenase 2
and prostaglandinE2 secretion [35-37].

Influence on blood coagulation

Humic acid have an active role in antithrombotic defence
mechanism by induced release of tissue-type plasminogen activator.
It triggers plasminogen to plasmin, which splits insoluble fibrin to
soluble fibrinogen degradation products [38]. Meantime humic acid
was suppress the formation of fibrin monomers from fibrinogen
through inhibition of thrombin, a coagulation enzyme [39, 40].
Fulvic acid oral medicine and injections are very effective in patients
with acute upper gastroenterological bleeding with 95.6% success
rate. Chinese government had special pharmaceutical preparation
using humic and fulvic acids, developed for the treatment of
hemorrhoid patients with support of clinical medical studies [40].

Estrogenic activity

Estrogenic effect of peat is mainly because of penetrating ability of
humic acid to the skin. These outcomes may have also implications
for the use of humic substances in dermatology and cosmetics [41].

Anti-Anti-aging effects of humic substances

Fulvic acid is serving to balance cell life by act as a powerful organic
electrolyte. Along with this property fulvic and humic are one way to
help replenish mineral levels in the body. Powerful anti-aging property
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of fulvic acid was proved in many hospital studies in China with elderly
patients, ages 60-90, regained appetite, slept better, and became more
energetic. This is the same as in hospital studies coming from India,
that also able to help with symptoms of dementia [24, 42].

Antioxidant and immune boosting property of humic
substances

Humic substances reduce the effect of the consequence of free
radicals in the body. Several immune-boosting properties of fulvic
and humic acids have been identified in various studies, which may
help protect against a variety of viruses. Some of the clinical studies
revealed a positive response to treatment only after humic acid
dosage, treatment for viral respiratory illness is clear evidence [43]
Fulvic acid activate the immune system to Kkill bacteria, meantime it
decrease proinflammatory markers. Inmune modulating property of
fulvic acid influence the redox state, and affect gut health [44].
Antioxidant property exhibited by humic substances and its
fractions were evidenced in research work carried by Avvakumova
et al. [45]. Antioxidant property of humic substances evidenced in in-
vitro enzymatic luminescent bioassay and recommend humic
substances as natural detoxifying agent [46]. Crbohydrate-derived
fulvic acid can prevent the progression of the wound infection. In
case of fulvic acid treated macrophages, intracellular signalling was
increased and stimulate immune function [47, 48].

Humic substances against diabetes mellitus

Improper insulin signalling and attenuated glucose uptake are
common symptoms in Type 2 Diabetes Mellitus. Fulvic acid
extracted from shilajit, can increase superoxide dismutase activity in
pancreatic beta cells. Studies carried out in diabetic rat’s states
effective reduction of hyperglycaemia [49-51].

Humic substances in the drug delivery system

In drug delivery system humic substances act as a carrier agent to
enhance bioactivity. The solubility of the hepatoprotective agent,
andrographolide (AGP) was enhanced in complexes with humic
substances and boosted its hepatoprotective efficacy. The complexed
AGP demonstrated improved solubility, dissolution. Dissolution and
permeation across rat intestine is high in case of complexed AGP
with better solubility [50]. Humic substance formulations also
displayed better hepatoprotection against carbon tetrachloride-
induced liver toxicity than the free drug in rats [52]. On the other
hand carbamazepine (CBZ) is a well-known anticonvulsant drug and
has limited accessibility to the brain. Bioavailability and
pharmacokinetic profiles of CBZ have been improved by complex
formation with humic substances [52]. Mirza assessed the
pharmacokinetic profile of CBZ and accessibility to the brain. These
two complexing agents (humic and fulvic acid) have been compared
on various indices such as their abilities to cause complex and
enhance solubility, permeability and dissolution. This study also
compared pharmacodynamic and biochemical profiles after oral
administration of complexes [53]. Various pharmaceutical
techniques such as freeze drying, physical mixture, kneading and
solvent evaporation were generally selected for complex formation
and evaluated for conformational analysis (molecular modeling).
Preclinical study on rodents with CBZ-humic acid and CBZ-fulvic
acid had yielded appreciable results in terms of their anticonvulsant
and antioxidants activities [53].

The size of humic acids allows macromolecules to “roll” up to form
microclusters or rings that at a certain pH (acidic) will precipitate,
whilst fulvic acids are too small to go through a similar process and
therefore remains in solution. The existence of functional groups like
carboxylic and phenol groups allows humic and fulvic acids to form
complexes with ions such as Mg?", Ca?", Fe?*and Fe3*. Functional
groups existences and arrangement in humic substances enable the
formation of chelate complexes. The humic chelate complexes
formation is an important aspect of the biological role of humic acids
in regulating bioavailability of metal ions [54]. Elemental
characterization of humic fractions on an atomic basis by Helal and co-
workers shows that fulvic acids have 22% more hydrogen to carbon
atoms, 21% more oxygen than carbon and 14% more carboxylic acid
groups than humic acids. This implies that fulvic acids contain more
functional groups of an acidic nature, predominantly COOH meantime
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it is more reacting with cations [55]. Yamauchi and co-workers 1984
states, total acidity of humic acids are considerably lower than the
fulvic acids [56]. Atomic based elemental characterization of humic
fractions carried by Helal et al. explained that fulvic acids have 22%
more hydrogen to carbon atoms, 21% more oxygen than carbon and
14% more carboxylic acid groups than humic acids [55]. Low aqueous
solubility rate of furosemide was overcome by complex formation with
fulvic and humic acid, the better understanding of the structure
behaviour improve the aqueous solubility, dissolution rate, and
permeability of furosemide, finally boost the in-vivo diuretic effect on
male wistar rat. Various spectroscopical and microscopic
examinations approve the amorphous inclusion complex formation of
the drug with humic substances [57]. Bioavailability enhancer
potential of humic substances, extracted from shilajit, evidenced in
study carried out in ketoconazole, which dissolution rate were
significantly enhanced in complex with fulvic and humic acid due to its
micellization nature [58, 59]. In vitro and in vivo studies using poorly
water-soluble silymarin strongly recommend fulvic acid as a water-
soluble carrier. Binary system made between silymarin and fulvic acid
revealed linear increase in drug solubility with an increase in carrier
concentration [60]. Fulvic acid and aspirin formulation helps to
overcome problem of stability and bioavailability of aspirin. Aspirin
formulation with fulvic acid helps to overcome problem of stability
and bioavailability of aspirin and gives better results of anti-
ulcerogenic action as compared to pure drug [61]. Experimental data
from the studies of Khil'ko and Semenova indicates interactions
between humic acid salts and the drug preparations from papaverine
hydrochloride, benzohexonium and B-group vitamins. Drug
interaction with natural macromolecule mainly depends on the
charges and peculiarities of molecular structure [62].

Future prospects of humic substance in pharmaceutical research

The researches on humic substances still have great relevance in
drug formulation and drug delivery system. Based on the collective
indication of the biochemical and molecular effects of humic
substances may make them robust candidates for cancer therapy.
However, despite the relatively strong evidence for a beneficial
effect of these compounds on cancer treatment, these compounds
have received comparably little attention with regards to their
potential role in cancer etiology. While experimental research will
always be essential, in the years to come, molecular simulations of
HS are expected to become increasingly useful, particularly for
providing a more detailed understanding of experimental
observations, for guiding the design of new experiments, and for
predicting properties and phenomena at the molecular scale.
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